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57 ABSTRACT 

A metal-poly Stack gate Structure and associated method for 
forming a conductive barrier layer between W and poly in 
the metal-gate Stack gate Structure. The process includes the 
Steps of depositing doped Silicon on a Substrate; forming 
nitride on the deposited Silicon; depositing a metal on the 
nitride to form a metal/nitride/deposited Silicon Stack, and 
thermally treating the Stack to transform the nitride into a 
conductive barrier layer between the metal and the deposited 
silicon. The thermal treatment transforms the nitride layer 
(SiN, or SiN.O.) into a conductive barrier (WSiN, or 
WSi.N.O.) to form a W/barrier/poly stack gate structure. 
The barrier layer blocks reaction between W and Si, 
enhances sheet resistance, enhances adhesion between the W 
and the poly, and is stable at high temperatures. 

27 Claims, 1 Drawing Sheet 
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STABLE AND LOW RESISTANCE METAL/ 
BARRIER/SILICON STACK STRUCTURE 

AND RELATED PROCESS FOR 
MANUFACTURING 

This application claims priority under 35 USC S119 (e) 
(1) of provisional application Ser. No. 60/051,798, filed Jul. 
7, 1997. 

FIELD OF THE INVENTION 

This invention relates to Semiconductor products and 
related processing, and more particularly to low resistance 
tungsten-poly gate Structures and the proceSS for making the 
SC. 

BACKGROUND OF THE INVENTION 

A low-resistivity gate electrode is required to reduce 
speed limitations of MOS devices due to the gate RC delay 
time, especially in Sub-quarter-micron ultra-large Scale inte 
grated circuits (ULSIs). Tungsten (W)-poly-silicon (poly) 
gate Structures are known to have lower sheet resistance than 
conventional poly or policide gates. Because W reacts with 
poly at temperature as low as 600 C., it is critical to have 
a high quality diffusion barrier between the two materials. 
Tungsten nitride (WN) and Titanium Nitride (TiN) are 
known diffusion barriers between W and poly to avoid 
silicidation of the W film. 

In conventional post-gate-etch dry/wet oxidation to 
remove the etch damage and to improve the gate dielectric 
Strength, all metal material, including the barrier, is Sub 
jected to oxidation. However, under Selective oxidation 
conditions, such as wet hydrogen oxidation (WHO), only Si 
is oxidized, while tungsten-based materials are not oxidized 
in post-gate-etch oxidation. The method is based on the 
thermodynamic control of the equilibrium: 

With proper control of HO and H. partial pressure, the 
equilibrium for the first reaction is favored towards the right, 
while the Second equilibrium prefers to go to the left. 
Therefore, under appropriate conditions it is possible to 
oxidize silicon (Si) while the oxidation rate of W is very 
Small. On the other hand, the oxidation of TIN is much more 
favorable than the reduction of TiO, which makes the 
selective oxidation of W/TiN/Si system non-feasible. 
Therefore, considering the importance of low-resistivity and 
from a proceSS integration point of View, a W-poly gate 
electrode without TiN is preferred. 

Existing processes to fabricate W/WN/poly stack gate 
electrodes are based on a physical vapor deposition (PVD) 
process. For instance, WN films are deposited on poly by 
reactive Sputtering a W target in a gas mixture consisting of 
Ar:N=1:1. W films are then continuously deposited using a 
DC magnetron. However, the application of the above 
process to MOS devices with severe topography is limited 
due to the poor step coverage of PVD films. In addition, 
excess nitrogen in the WN layer poses a potential problem 
for causing delamination as the gas may escape from the 
Stack during Subsequent thermal treatment. The typical 
proceSS for depositing a diffusion barrier has a relatively low 
effective throughput, Sometimes less than 20 wafers per 
hour. 

There remains a need in the art for low-resistance W-poly 
gate Structures and an effective and efficient process for 
forming barriers used in the W-poly gate Structures. 
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SUMMARY OF THE INVENTION 

The instant invention forms a requisite conductive barrier 
layer between W and poly in W-poly gate structures, and 
replaces existing barrier deposition processes. The inventive 
process for forming the W-poly gate includes the Steps of 
depositing a silicon layer (with dopants) on a Substrate; 
forming a Silicon-containing nitride layer on the deposited 
Silicon; depositing a metal on the nitride layer to form a 
metal/nitride/Silicon Stack, and thermally treating the Stack 
to transform the nitride layer into a conductive barrier layer 
between the metal and the silicon. The thermal treatment 

transforms the nitride layer (SiN, or SiN.O.) into a conduc 
tive barrier (WSi,N, or WSi.N.O.) to form a W/barrier/poly 
Stack gate structure. The oxygen (O) in the above-mentioned 
layers originates from the very thin native oxide of Silicon if 
the deposited Silicon is exposed to air prior to the Subsequent 
StepS. 
The current invention provides an efficient and effective 

method for manufacturing Stable and low resistance W-poly 
gates which overcomes prior art limitations, and also offers 
processing cost advantages. 

Another advantage of the invention is that the process is 
time-efficient, with a resulting high effective throughput. 

Another advantage of the invention is that the gate 
Structures can use Selective oxidation to remove etching 
damage to gate oxide. 

Another advantage of the invention is the relatively low 
equipment cost required for running the process. 

Another advantage of the invention is the reduced thermal 
budget as compared to existing W/WN/poly Stack processes, 
which typically require an annealing Step to drive out exceSS 
nitrogen. 
A more complete appreciation of the present invention 

and its Scope can be obtained from understanding the 
accompanying drawings, which are briefly Summarized 
below, the following detailed description of the presently 
preferred embodiments of the invention, and the appended 
claims. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a flow chart representing the steps of the 
inventive process. 

FIG. 2 is a Schematic of a deposited Silicon layer on a 
Substrate covered by a thin dielectric layer. 

FIG. 3 is a schematic similar to FIG. 2, showing a nitride 
layer on the deposited Silicon layer. 

FIG. 4 is a schematic similar to FIG. 3, showing a 
tungsten layer (W) on the nitride layer. 

FIG. 5 is a schematic similar to FIG. 4 after heat 
treatment, where the nitride layer has transformed into a 
conductive barrier layer between the W and the deposited 
Silicon layer. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, the process flow of the inventive 
method is shown. In general, the preparation of a metal/ 
barrier/silicon Stack Structure, Such as a W-poly gate Stack, 
begins with the step 20 of depositing a silicon layer (with 
dopants) on a Substrate covered with a thin layer of dielectric 
(such as SiO, or SiO.N.). The deposited silicon layer is 
doped for gate applications. The dopants can be added 
during or after the deposition of the Silicon layer. A nitrida 
tion Step 22 is then performed to form a thin Silicon nitride 
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layer, such as SiN. or SiN.O, on the deposited silicon 
surface. After the nitride layer is formed on the surface of the 
deposited Silicon, Step 24 is performed to deposit W to a 
desired thickness on the nitride Surface. Athermal treatment 
step 26 is then performed to form the WSiN, or WSi.N.O. 
conductive barrier in the W/barrier/poly stack. The process 
of making the W/barrier/poly stack of the present invention 
is efficient, cost effective, and provides desirable barrier 
performance and sheet resistance in the resulting device. The 
inventive proceSS is described in more detail below. 
The deposition of the silicon layer (with dopants) 30, 

often referred to as poly-Silicon, on a thin dielectric layer 31 
covered Substrate 32 (Such as Silicon or other desired under 
lying material) can be performed by any known process. 
This stack structure is shown in FIG. 2. 

The step 22 of forming a nitride layer 34 (SiN, or SiN.O.) 
on the surface of the deposited silicon 30 is next performed. 
This stack structure is shown in FIG. 3. This step can be 
performed in the same cluster tool as the poly-Silicon 
deposition chamber. If it is not performed in the same cluster 
tool as the poly-Silicon deposition, Such as if the Step is 
performed in the W deposition chamber, an optional wet 
etching step (Such as using diluted HFSolution) is Suggested 
to minimize the thickness of the native oxide that forms on 
the deposited Silicon Surface. The nitride is formed to a 
thickness in the range of approximately 5 to 30 A thick, 
preferably 15 A. These nitride thicknesses have been found 
to form an effective barrier in the W-deposited silicon gate 
Structure, and to provide the desired performance character 
istics. 

The nitridation Step 22 can be performed using N2/H2 
plasma, NH plasma, rapid thermal nitridation, or by Sub 
jecting the wafer to other active nitrogen-containing ambient 
gases. An acceptable manner of performing this step is in a 
CVD reactor with an RF powered electrode for plasma 
nitridation using N2/H2 plasma. For instance, an Applied 
Materials Model P-5000, which is normally used for W 
deposition, would be Suitable. Typical processing param 
eters for the nitridation step using N/He plasma are: N flow 
between approximately 100 and 1000 sccm, H. flow 
between approximately 100 and 1000 sccm, Susceptor tem 
perature between approximately 300 and 500 C., reactor 
preSSure between approximately 0.1 and 5 torr, and plasma 
power between approximately 200 and 500W, all for a time 
between approximately 5 and 60 seconds. The resulting 
Silicon nitride layer formed is between approximately 5 A 
and 30 A thick. Preferably, the processing parameters for the 
nitridation step using N/He plasma are: N flow of 500 
sccm, H. flow of 500 sccm, susceptor temperature of 360° 
C., reactor pressure of 4 torr, plasma power of 400W, for a 
time of 15 seconds. The resulting nitride layer is preferably 
15 A thick. 

Alternatively, typical processing parameters for the nitri 
dation Step using an N2/NH plasma, in a reactor Similar to 
the one mentioned above, are: N flow between approxi 
mately 100 and 1000 sccm, NH, flow between approxi 
mately 50 and 500 sccm, Susceptor temperature between 
approximately 300 and 500 C., reactor pressure between 
approximately 0.1-5 torr, plasma power between approxi 
mately 100 and 500W, all for a time between approximately 
5 and 60 seconds. The resulting silicon nitride layer formed 
is between approximately 5 A and 30 A thick. Preferably, the 
processing parameters for the nitridation Step using N2/NH 
plasma are: N flow of 100 sccm, NH. flow of 300 sccm, 
susceptor temperature of 360° C., reactor pressure of 0.6 
torr, plasma power of 200 W, for a time of 15 seconds. The 
resulting nitride layer is preferably 15 A thick. 
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4 
Still alternatively, the nitrogen Source in the nitridation 

step could be CH-NHNH2, NH or other nitrogen 
containing compounds. When these more reactive Sources 
are used, plasma enhancement is not necessary because the 
nitridation can be performed thermally. Alternatively, the 
nitridation Step can be replaced by depositing a thin layer of 
SiN or SiN.O, to a depth of between approximately 5 and 
30 A, preferably 15 A. 

After the nitridation step as set forth above, step 24 for 
depositing W 36 on the top of the thin nitride layer 34 is 
performed. The thickness of the deposited W ranges 
between approximately 300 and 3,000 A, depending on the 
particular device being built. This Stack Structure is shown in 
FIG. 4. The W deposition step can be performed either in the 
same chamber or a different chamber as used for the 
nitridation Step. Preferably, an in-situ process (performing 
the W deposition step in the same chamber as the nitridation 
Step without venting to atmosphere) is preferred due to 
higher throughput. The W deposition can be performed with 
any known proceSS by thermal CVD, plasma-enhanced 
CVD (PECVD), or PVD. An acceptable W deposition 
process uses PECVD with WF+H+Argas mixtures. Typi 
cal processing parameters for W deposition are: WF, flow 
between approximately 2 and 6 ScCm, H. flow between 
approximately 100 and 1000 sccm, Ar flow between 
approximately 100 and 1000 ScCm, Susceptor temperature 
between approximately 300 and 500 C., reactor pressure 
between approximately 1 and 10 torr and plasma power 
between approximately 100 and 500W, all for a time of 
between approximately 45 seconds and 3 minutes. 
Preferably, processing parameters for PECVD W deposition 
are: WF, flow of 3 sccm, H. flow of 500 sccm, Ar of 500 
Sccm, Susceptor temperature of 360° C., reactor pressure of 
5 torr and plasma power of 375W, for a time of 120 seconds. 
The resulting thickness is about 700 A. 

Other types of refractory metals can be used in place of W. 
Molybdenum (Mo) and tantalum (Ta) are suitable refractory 
metals that can alternatively be used, depending on the 
desired performance of the resulting device. Mo and Ta also 
form amorphous conductive barrier layers after thermal 
treatment, similar to that formed by W. The conductive 
layers formed are MoSiN, or MoSi.N.O., and TaSiN, or 
TaSi.N.O., respectively. 

After the deposition of W, thermal treatment step 26 is 
performed to transform the nitride layer 34 (SiN. or SiN.O.) 
to an amorphous conductive barrier layer 38 (WSi, N, or 
WSi.N.O.) between the W 36 and the deposited silicon 30 
layers. This thermal step is performed by rapid thermal 
annealing at 800-950 C. for approximately 15–90 seconds. 
Alternatively, this thermal Step can be performed in a 
furnace under a non-oxidizing environment, Such as N., Ar 
or forming gas (5% H/95% N), in the temperature range of 
approximately 700-950 C. for approximately 5 to 30 
minutes. An in-situ thermal annealing process provides for 
higher throughput, but also requires more expensive equip 
ment. After the thermal treatment, the conductive barrier 38 
is generally thicker than the nitride layer 34. For instance, 
where the nitride layer 34 is approximately 15 A thick, the 
resulting conductive barrier layer 38 is approximately 30 A 
thick. 
The conductive barrier 38 formed between the W 36 and 

the poly 30 during the thermal treatment step 26 of the 
inventive process has a high thermal Stability which pro 
vides a very effective diffusion barrier, is small in 
dimension, and assists in creating a low sheet resistance for 
the gate structure. The WSi, N, or WSiN.O. is an effective a: y - a 

barrier because of its amorphous Structure and high thermal 
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Stability. In testing, the interface Structure showed no evi 
dence of W-Si inter-diffusion after annealing at 850 C. for 
30 minutes. In addition, the barrier Structure enhances 
adhesion between W and the poly as indicated qualitatively 
by tape-peel testing. The W/WSiN.O./deposited silicon 
Stack formed by the inventive process of the present inven 
tion can use selective oxidation, while the W/TiN/deposited 
Silicon cannot. 

After the W/polygate structure stack is formed as set forth 
above, known processing can be performed to pattern and 
etch the W/poly stack structure into the desired pattern for 
Subsequent processing towards the end goal of manufactur 
ing a complete and functional Semiconductor device. 
The W-poly gate Structure manufacturing process 

described herein is useful for manufacturing a wide range of 
microelectronic devices that require metal-poly gates. An 
example of Such applications is the fabrication of low 
resistance wordlines for DRAM devices and gates for 
CMOS logic devices. 

Presently preferred embodiments of the present invention 
and many of its improvements have been described with a 
degree of particularity. It should be understood that this 
description is made by way of preferred example, and that 
the invention is defined by the scope of the following claims. 
What is claimed is: 
1. A method for forming a metal/barrier/silicon Stack 

Structure in a Semiconductor device comprising the Steps of: 
depositing a Silicon layer on a Substrate; 
forming a Silicon-containing nitride layer on the deposited 

Silicon; 
depositing a metal layer on the Silicon-containing nitride 

layer to form a metal/nitride/silicon stack; and 
thermally treating the Stack to transform the Silicon con 

taining nitride into a conductive barrier layer between 
the metal and the deposited Silicon. 

2. A method as defined in claim 1 using a chamber, 
wherein the Silicon layer deposition Step and the Silicon 
containing nitride formation Step are performed in the same 
chamber. 

3. A method as defined in claim 1 using a chamber, 
wherein the Silicon containing nitride formation Step and the 
metal deposition Step are performed in the same chamber. 

4. A method as defined in claim 1, wherein the metal is 
tungsten. 

5. A method as defined in claim 4, wherein the metal layer 
deposition Step is achieved through PECVD using a gas 
mixture of WF+H+Ar. 

6. A method as defined in claim 4, wherein the Stack is 
used in forming a tungsten-poly gate Structure. 

7. A method as defined in claim 1, wherein the metal is 
molybdenum. 

8. A method as defined in claim 7, wherein the conductive 
barrier is MoSi.N. 

1O 
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9. A method as defined in claim 7, wherein the conductive 

barrier is MoSi.N.O. 
10. A method as defined in claim 1, wherein the metal is 

tantalum. 
11. A method as defined in claim 10, wherein the con 

ductive barrier is TaSilN. 
12. A method as defined in claim 10, wherein the con 

ductive barrier is TaSiN.O. 
13. A method as defined in claim 1, wherein the silicon 

containing nitride formation Step is performed using an 
N/He plasma. 

14. A method as defined in claim 13, wherein the chamber 
is adapted to receive gas flows, wherein the N flow is 
between 100 and 1000 sccm, and the H. flow is between 100 
and 1000 Sccm. 

15. A method as defined in claim 13 using a Susceptor, 
wherein the Susceptor temperature is between approximately 
300 and 500 C. 

16. A method as defined in claim 1, wherein the silicon 
containing nitride formation Step is performed using an 
N2/NH3 plasma. 

17. A method as defined in claim 16, wherein the chamber 
is adapted to receive gas flows, wherein the N flow is 
between 100 and 1000 sccm, and the NH flow is between 
50 and 500 Scom. 

18. A method as defined in claim 16 using a Susceptor, 
wherein the Susceptor temperature is between approximately 
300 and 500 C. 

19. A method as defined in claim 1, wherein the barrier 
thickness is approximately 30 A. 

20. A method as defined in claim 1, wherein the silicon 
containing nitride layer formation step is performed by 
thermal nitridation using NH. 

21. A method as defined in claim 1, wherein the silicon 
containing nitride layer formation Step is performed by 
thermal nitridation using CH-NHNH2. 

22. A method as defined in claim 1, wherein the Silicon 
containing nitride layer formation Step is performed by 
thermal nitridation using N.H. 

23. A method as defined in claim 1, wherein the silicon 
containing nitride is SiN. 

24. A method as defined in claim 23, wherein the con 
ductive barrier is WSiN. 

25. A method as defined in claim 1, wherein the silicon 
containing nitride is SiN.O. 

26. A method as defined in claim 25, wherein the con 
ductive barrier is WSiN.O. 

27. A method as defined in claim 1 using a cluster tool 
having two chambers, wherein the Silicon containing nitride 
layer formation Step and the metal deposition Step are 
performed in different chambers of the same cluster tool. 

k k k k k 


